Patients with mild cognitive impairment (MCI) are at high risk of dementia, but early identification and active intervention can reduce its morbidity and the incidence of dementia. There is currently no suitable neuropsychological assessment scale to effectively identify MCI in neurological outpatient departments in China. The Mini-Mental State Examination (MMSE) is often used to screen for MCI in outpatient departments in China.
Introduction
Mild cognitive impairment (MCI) refers to patients who have memory or cognitive impairment but without obvious influence on their daily activities. [1] Therefore, MCI can be considered as an intermediate state between normal aging and dementia. [2] Patients with MCI are at high risk of developing dementia, with a risk 10 times greater than that of non-MCI elderly people. [3] MCI also represents an early stage of dementia in some patients. [4] MCI (particularly amnestic MCI) was found to develop easily into Alzheimer disease (AD). [2] Alzheimer's Disease International (ADI) reported in 2015 that there were up to 46 million people with dementia in the world, and that 58% of dementia patients were living in low-and middle-income countries. This number is predicted to increase to more than 130 million by 2050, and in 2015 alone, there were about 9.9 million new cases of dementia. Therefore, this predicts that there would be one more dementia patient every three seconds in the world. With the increase in social aging, the incidence of AD is increasing year by year in China. In 2014, the incidence of dementia in people over the age of 65 years old was 5.14% and AD accounted for 3.21%. [5] Although there are no evidence-based medications that can be recommended for patients with MCI to prevent the development of dementia, [6] physicians should be actively looking for the causes of MCI and then provide targeted therapy or attempt to delay disease progression if any causes are considered treatable. [7] Therefore, neuropsychological assessment is important for diagnosis and further research is needed into therapies for MCI. [8] The early identification of patients with cognitive impairment is mainly focused on first-line physicians who work with outpatients. Therefore, it is vitally important that these physicians use a short, sensitive, and accurate screening scale. [9] Nevertheless, currently in Chinese neurological outpatient departments there is no suitable neuropsychological assessment scale for physicians to effectively identify MCI.
The Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) are the most commonly used cognitive function screening scales. MMSE has a short assessment time (5-10 minutes) and is simple and easy to use, but MMSE is not sensitive to MCI. [10] MoCA has a higher sensitivity to MCI, [11] but takes longer (10-15 minutes), and is not suitable for use by physicians for outpatients. The Mini cognitive scale (Mini-Cog) only takes 3 minutes, and is slightly influenced by language and education level. It is easily accepted by patients and outpatient physicians, [9] and the sensitivity and specificity of screening patients with dementia are higher than those of MMSE. [12] Nevertheless, while Mini-Cog is now mainly used in screening patients with dementia, little research has been undertaken on whether it performs better than MMSE for screening patients at the MCI stage. [13] Therefore, the aim of this study was to compare the value of Mini-Cog with MMSE in screening patients with MCI in a neurological outpatient department in China. In addition, we investigated differences in the value of the scales in assessing patients of different ages and educational levels. The results of this study will provide the basis for the early diagnosis of MCI, the early prevention and treatment of dementia, and the selection of a simple and reliable screening tool.
Methods

Subjects
This was a retrospective study of 229 patients with suspected MCI who visited the Cangzhou Central Hospital between March 2012 and April 2016 and consulted a first-line physician at the outpatient department.
The inclusion criteria were patients who were assessed in the neurological outpatient department of Cangzhou City Central Hospital between March 2012 and April 2016 for MCI. The exclusion criteria were patients with psychiatric history or congenital mental retardation; patients with long-term use of antipsychotic drugs; patients with depression or anxiety neurosis; patients with visual, hearing, or severe limb dysfunction, and could not communicate with language, and patients with mental diseases.
This study was approved by the ethics committee of the author's hospital. The need for individual consent was waived by the committee because of the retrospective nature of the study.
Study design
The patients were divided into the MCI (n = 119) and non-MCI (n = 110) groups according to the final evaluation by a neurologist. The diagnosis of MCI met the diagnostic standards of the Petersen's criteria, [14, 15] including the following 5 criteria: memory problems; objective memory disorder; absence of any other cognitive disorder or impact on daily life; normal general cognitive function; and no dementia. The above criteria are the general criteria of MCI and they are usually supplemented by objective indexes such as clinical dementia rating (CDR) (scoring 0.5 point), Mini-Mental State Examination (MMSE) (scoring >24 points). [16] Patients in the MCI group were also investigated in terms of the assessment value according to their ages and education level, by subgrouping the patients into those aged 40 to 60 years, aged from 61 to 80 years, and >81 years; and according to without education, 6 years education, and >6 years education.
Clinical data collection
MMSE, Mini-Cog, Hamilton's Depression Scale (HAMD), Hamilton's Anxiety Scale (HAMA), CDR, and Hachinski Ischemic Rating Scale were used to assess all research subjects to exclude the patients with cognitive impairment and dementia due to causes of anxiety, depression, and cerebrovascular diseases. There were 4 physicians involved in this study, and they were all trained by neuropsychology and qualified deputy directors and physicians in the Department of Neurology. The final diagnosis of MCI was made based on the Petersen's criteria. [14, 15] A Chinese version of the MMSE was used. [17] The Mini-Cog was composed of the Three Objects Recall and Clock Drawing Test (CDT) from the Cognitive Abilities Screening Instrument (CASI). [18] In the Three Objects Recall, 3 points were counted for the instantaneous recall, and 3 points for the shortterm delayed recall. In CDT, spontaneously drawing of a circular clock (time of 11:10) was used. A 3-point method was used for scoring: 1 point for drawing a circle, 1 point for drawing correct clock digits, and 1 point for drawing correct clock time. Normal CDT was considered when all time scales were correct and the hand position was consistent with the specified time. In this study, the total score of the Mini-Cog was 9 points. Mini-Cog was evaluated according to the scoring rules published in 2000 by Borson et al [18] ( Fig. 1 ). Scoring standards: 1 point for correctly recalling each word after the CDT test; 0 point suggested cognitive impairment; 3 points suggested no cognitive impairment; and patients with 1 or 2 points were classified according to CDT (normal CDT suggested no cognitive impairment, while abnormal CDT suggested cognitive impairment).
Statistical methods
SPSS17
.0 (IBM, Armonk, NY) was used to analyze the data. The continuous data were shown as means ± standard deviation (x ± s) and categorical data were shown as n (%). The 2 independent samples t test was used for the comparison between the 2 groups. The Chi-square test was used for the comparison of categorical data. P < .05 was considered as a statistically significant difference. The intraobserver and interobserver reliability of Mini-Cog were evaluated by calculation of the intraclass coefficient (ICC).
Results
During the study period, 229 patients with suspected MCI visited the outpatient clinic and were included in the study. Initially, there were 119 patients in the MCI group and 110 patients in the non-MCI group, but 105 patients in the MCI group and 102 patients in the non-MCI group were included in the final analysis, because patients with incomplete clinical data were excluded. In the MCI group, there were 57 males and 48 females with a mean age of 67.4 ± 10.3 years and a mean of 12.2 ± 7.3 years of education. In the non-MCI group, there were 50 males and 52 females with a mean age of 73.1 ± 8.3 years and a mean of 12.2 ± 7.3 years of education. There were no significant differences in age, gender, and education level between the 2 groups (P > .05, Table 1 ).
Comparisons of the Mini-Cog and MMSE scores in 2 groups
The Mini-Cog scores in the MCI group and non-MCI group were 5.2 ± 1.6 points and 7.5 ± 1.7 points, respectively, and the difference was statistically significant (P < .01). MMSE scores were 22.8 ± 2.6 and 27.2 ± 1.8, respectively, and the difference was statistically significant (P < .05, Table 1 ).
Comparisons of sensitivity and specificity of the MiniCog and MMSE in the diagnosis of MCI
The sensitivity of Mini-Cog in the diagnosis of MCI (85.71%) was higher than that of MMSE (64.76%), and the difference was statistically significant (x 2 = 12.37, P < .05). The specificity of Mini-Cog (79.41%) was higher than that of MMSE (71.57%), but the difference was not statistically significant (x 2 = 1.69, P > .05). Please see Table 2 .
Effect of age on sensitivity
For the MCI group, the sensitivity of the Mini-Cog in each age group was higher than that of MMSE. In patients aged 40 to 60 years, there was no significant difference in the sensitivity between the 2 scales (x 2 = 2.95, P > .05). In those aged 61 to 80 years and those above 81 years, the sensitivity of the 2 scales was significantly different (61-80: x 2 = 5.81, P < .05, and ≥81: x 2 = 5.17, P < .05). Please see Table 3 .
Effect of the education level on sensitivity
For MCI patients, the sensitivity of the Mini-Cog in each education group was higher than that of MMSE, and there were significant differences in the sensitivity of the 2 scales in each subgroup (uneducated: x 2 = 3.86, P < .05; 6 years of education: x 2 = 4.70, P < .05; >6 years of education: x 2 = 4.27, P < .05). Please see Table 4 .
Discussion
The aim of this study was to compare the value of Mini-Cog and MMSE in screening patients for MCI in a Chinese neurological Table 1 Comparisons of baseline data between the 2 groups. Table 2 Comparisons of the sensitivity and specificity of Mini-Cog and MMSE for the identification of patients with MCI (n = 207). At present, both MMSE and Mini-Cog are widely used as screening tools for cognitive function by departments of neurology, departments of geriatrics, and general practitioners in a number of countries. [19, 20] In China, MMSE remains the most widely used cognitive screening scale and the Mini-Cog is less popular. Nevertheless, this preference for MMSE may be mistaken as it takes a relatively long time, about 10 minutes, and is affected by language and education level, and the patients need to have relatively good hearing and vision. It also covers fewer cognitive areas than the Mini-Cog (5 cognitive components such as directional ability, immediate memory, computational ability, short-term memory, and language ability). The questions are too simple for MCI patients and lack the evaluation of some features such as executive function and abstract thinking, which can easily lead to the "ceiling effect." Its sensitivity in diagnosing MCI is low, and a meta-analysis found that the sensitivity and specificity in distinguishing between elderly without MCI and those with MCI were 63.4% and 65.4%, respectively. [10] Therefore, it is not very suitable for use in neurology outpatient departments not only because of the long testing time but also the sensitivity and specificity in screening MCI patients. The Montreal Cognitive Assessment (MoCA) is also used for screening MCI patients [21] and it covers cognitive areas of attention, executive function, memory, language, visuospatial skills, abstract thinking, calculation, and orientation. International studies found that when that using 26 points as the boundary value, the sensitivity and specificity of identifying MCI patients were 90% and 87%, respectively. [11] Nevertheless, the MoCA takes a long time, about 15 minutes, which is suitable for specialized cognitive screening outpatient, but is difficult for first-line neurology physicians to apply in primary hospitals. The Mini-Cog was proposed by Borson et al in 2000. [18] It is a simple and convenient tool for identifying the existence of cognitive impairment in elderly people. Its sensitivity is ∼76% to 99% and specificity is ∼89% to 93%. [18, 19, 22] It has strong predictive value in various clinical situations. The scale consists of 2 parts, including short term memory (delayed recall of three words based on the 3-word recall in ACSI) and the CDT. It seems simple, but involves a variety of cognitive functions such as immediate memory, short-term memory, comprehension, structural concept, visual spatial ability, executive function, abstract thinking, and attention. It takes a short time, about 3 minutes, and is not affected by education, culture, and language. [23] It has recently been suggested as an effective tool for use in screening for dementia in Chinese communities in comparison to MMSE, CDT, and AD8. [24] Simple short-term training can help physicians to accurately use the Mini-Cog. Compared with other complex cognitive assessment methods, the pressure of using Mini-Cog for assessment on patients is small. The accuracy in heterogeneous populations could improve the detection rate of cognitive impairment, and it is especially suitable for populations with pluralistic language, culture and education level. [9, 18] Both validity and sensitivity of the Mini-Cog in elderly people were found to be high, [25] and it was able to identify MCI at an early stage. [26] We found that the Mini-Cog took a short time and was easily accepted by patients in our outpatient department. None of the patients rejected the test, but 5 patients in the non-MCI group and three in the MCI group indicated that the MMSE test was tedious and were not interested in taking the test, and even refused to cooperate. The results of this study showed that the predictive value of screening for MCI with the Mini-Cog was significantly different from that of MMSE. Both sensitivity and specificity of the Mini-Cog in identifying MCI patients were higher than with MMSE, but there was no statistical difference in the specificity. Mini-Cog was less affected by education level and age than Table 3 Comparison of the sensitivity of the Mini-Cog and MMSE in MCI patients with different ages (n = 105). Mini-Cog = Mini cognitive scale, MMSE = Mini-Mental State Examination.
Item
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Table 4
Comparisons of the sensitivity of Mini-Cog and MMSE in MCI patients with different education levels (n = 105). [27] and the research results showed that the MiniCog was able to find subjects with MCI who were difficult to identify. Milian et al [28] showed that the severity of depression did not affect the specificity of the Mini-Cog and CDT, but it did for MMSE. Shulman [29] showed that the individual application of CDT had the best sensitivity and specificity when using 3 points as the boundary value. Compared with the Mini-Cog, CDT had similar specificity, but less sensitivity, which was only 72.28% (Mini-Cog: 82.04%). Mini-Cog was able to quickly and easily evaluate cognition in a variety of medical conditions. [29] Nevertheless, it is worth noting that in our opinion the cognitive areas contained in the Mini-Cog were not comprehensive enough for a fully sensitive test. Therefore, the Mini-Cog could not be used alone in assessing cognitive outpatients. Another study has used the Mini-Cog in combination with a functional activities questionnaire with good results. [30] Therefore, there may be some added value in combining testing methods for the most effective screening.
This study has some limitations. The sample size was quite small and from a single center. A larger study that includes more hospital outpatient departments would add more evidence to these results. The data was analyzed retrospectively after the patients had been diagnosed, so there may have been some unintentional bias being introduced. Therefore, further studies are needed to fully evaluate the clinical value of the Mini-Cog in Chinese outpatient departments.
Our study suggests that the Mini-Cog was more suitable for use in a Neurology Outpatient Department in a primary Chinese hospital than MMSE. As a MCI scale, the Mini-Cog was simple, rapid, economical, and easily accepted by the patients. Nevertheless, the cognitive areas contained in the Mini-Cog are not comprehensive enough for a fully sensitive test. Therefore, the Mini-Cog could not be used alone in assessing MCI outpatients.
